Acute nicotine enhances hippocampus-dependent learning through nicotine binding to b2-containing nicotinic acetylcholine receptors (nAChRs), but it is unclear if nicotine is targeting processes involved in short-term memory (STM) leading to a strong long-term memory (LTM) or directly targeting LTM. In addition, the molecular mechanisms involved in the effects of nicotine on learning are unknown. Previous research indicates that protein kinase A (PKA), extracellular signal-regulated kinase 1/2 (ERK1/2), and protein synthesis are crucial for LTM. Therefore, the present study examined the effects of nicotine on STM and LTM and the involvement of PKA, ERK1/2, and protein synthesis in the nicotineinduced enhancement of hippocampus-dependent contextual learning in C57BL/6J mice. The protein synthesis inhibitor anisomycin impaired contextual conditioning assessed at 4 h but not 2 h post-training, delineating time points for STM (2 h) and LTM (4 h and beyond). Nicotine enhanced contextual conditioning at 4, 8, and 24 h but not 2 h post-training, indicating nicotine specifically enhances LTM but not STM. Furthermore, nicotine did not rescue deficits in contextual conditioning produced by anisomycin, suggesting that the nicotine enhancement of contextual conditioning occurs through a protein synthesisdependent mechanism. In addition, inhibition of dorsal hippocampal PKA activity blocked the effect of acute nicotine on learning, and nicotine shifted the timing of learning-related PKA and ERK1/2 activity in the dorsal and ventral hippocampus. Thus, the present results suggest that nicotine specifically enhances LTM through altering the timing of PKA and ERK1/2 signaling in the hippocampus, and suggests that the timing of PKA and ERK1/2 activity could contribute to the strength of memories.
Introduction
Nicotine alters hippocampal synaptic plasticity and learning (Gould & Leach, 2014; Kenney & Gould, 2008a, b) . Increasing evidence suggests that hippocampus-dependent learning, such as contextual fear conditioning and spatial object recognition (Kim, Rison, & Fanselow, 1993; Logue, Paylor, & Wehner, 1997; Parkinson, Murray, & Mishkin, 1988; Phillips & LeDoux, 1992) , are more sensitive to the effects of nicotine on learning than hippocampus-independent tasks (Davis, Porter, & Gould, 2006; Gould & Higgins, 2003; Gould & Wehner, 1999; Kenney, Adoff, Wilkinson, & Gould, 2011) . Direct drug infusion studies confirmed that acute nicotine is acting in the dorsal hippocampus to enhance learning (Kenney, Raybuck, & Gould, 2012; Raybuck & Gould, 2010) (Gould & Higgins, 2003) , it is unknown if nicotine is enhancing short-term memory (STM) processes leading to stronger LTM or if nicotine is directly altering the cell signaling cascades that underlie LTM. Multiple studies suggest that the signaling cascade involving cyclic adenosine monophosphate (cAMP), protein kinase A (PKA), and extracellular signal-regulated kinase 1/2 (ERK1/2) is involved in plasticity-related changes underlying LTM formation (for review, see Abel & Nguyen, 2008; Sweatt, 2004) . Inhibiting PKA in the dorsal hippocampus impaired long-term contextual memory (Ahi, Radulovic, & Spiess, 2004; Ma, Abel, & Hernandez, 2009; Wallenstein, Vago, & Walberer, 2002) . Furthermore, Abel et al. (1997) reported that transgenic mice with reduced hippocampal
